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(57) The process chamber (2) for a plasma-en- 
hanced chemical vapour deposition apparatus is of the 
type adapted to receive electromagnetic energy by in- 
ductive coupling from an external inductor (4) connected 
an ac supply (6), to enhance or sustain a plasma. 

Inside the process chamber, there is provided a 
conductive means (16) arranged at a predetermined 
distance (d) from the internal surface of at least part of 
is enveloping wall portions such as to inhibit coating of 
vapour deposition material on this internal wall surface. 

The conductive means can take the form of a con- 
ductive structure having an outer surface that follows an 
internal contour of at least part of the wall portions form- 
ing the process chamber. The conductive structure can 
comprise apertures (18) for facilitating the passage of 
electromagnetic energy into the process chamber 
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Description 

[0001] The present invention generally relates to the 
field of plasma surface treatment and ; more particularly, 
to a process chamber for such purposes The invention 
also relates to a plasma processing apparatus imple- 
menting the aforementioned process chamber and to its 
use for plasma processing 

[0002] The plasma treatment envisaged by the 
present invention is not limited to specific applications 
or techniques. Examples of applications in this field no- 
tably include plasma enhanced chemical vapour depo- 
sition (PECVD), also known as plasma assisted chem- 
ical vapour deposition (PACVD). 
[0003] Chemical vapour deposition (CVD) in general 
is a technique for treating a surface of a workpiece, e. 
g. a substrate, by immersing the latter in a precursor gas 
or precursor gas mixture of selected materials within a 
process chamber The materials in gaseous form, 
known as active species, can be deposited on the work- 
piece surface under controlled conditions (gas compo- 
sition, pressure and temperature, and surface temper- 
ature, etc ). The composition of the immersing gas can 
also be chosen to etch away the surface of the work- 
piece at chosen areas using a mask. 
[0004] Classical CVD generally requires the work- 
piece to be kept at a fairly high temperature to initiate 
and sustain the deposition of a film thereon, being es- 
sentially a thermally-driven process. It works satisfacto- 
rily (ignoring some more specific issues such as thermal 
stress) all the while the substrate can withstand the tem- 
perature that makes the process economically viable. 
[0005] When this condition cannot be met, it is usual 
to overcome the temperature limitation by resorting to 
PECVD, which involves creating a plasma inside the 
process chamber to enhance vapour deposition (this 
technique is also known as plasma -assisted chemical 
vapour deposition (PACVD)). 

[0006] The species generated by a plasma are char- 
acteristically different from those contained merely in 
the gas phase of the same precursor species used in 
classical chemical vapour deposition. This can be ex- 
plained by the fact that plasma is intrinsically a medium 
in thermodynamic non-equilibrium. Although the actual 
phenomena that occur in a plasma are extremely com- 
plex, it can be said that, in general, the purely thermal 
activation of a classical CVD reaction generated by a 
high substrate temperature can be switched to the plas- 
ma phase in which the active species are pre-cracked 
in the plasma instead of being cracked only at the level 
of the hot substrate surface. Consequently, plasma-en- 
hanced CVD allows a dramatically lower substrate tem- 
perature than with gaseous CVD for comparable film 
deposition characteristics. 

[0007] PECVD is nowadays used extensively in the 
fiold of surface engineering, e.g. for otching or deposi- 
tion of various materials. It offers levels of performance 
unattainable by the other, more classical techniques. 



[0008] Figure 1 illustrates very schematically the mam 
parts of a classical PECVD apparatus in which a plasma 
in generated by inductive coupling, currently one of the 
most versatile and reliable method of plasma generation 

5 for industrial applications 

[0009] The apparatus comprises a cylindrical reaction 
vessel made of dielectric material, such as a quartz, sur- 
rounded by a radio-frequency (RF) inductor in the form 
of a helical electrode 4 connected to an RF energy 

10 source 6. When activated, the electrode 4 induces an 
RF electromagnetic energy field inside the reaction ves- 
sel 2 such as to create a plasma with the precursor gas- 
es by RF coupling. 

[0010] In order to establish the gas conditions, the 
15 vessel 2 comprises a number of inlets 8 for controllably 
admitting the precursor gas or gases. It is also has an 
outlet 10 connected to an exhaust pump {not shown) to 
establish the required low pressure conditions and to 
evacuate used reaction gases. 
20 [0011] A stage 12 having a T-shaped cross-section is 
provided in the vessel 2 for supporting a workpiece 14 
at an optimum position within the plasma. 
[0012] For the sake of simplicity, the means for ac- 
cessing the chamber and handling the workpiece are 
25 not shown nor discussed, these being well-known in the 
art 

[0013] In operation, a workpiece 14 - which can be an 
insulator, semiconductor or conductor - is introduced on- 
to the stage 12. The vessel is then evacuated to a pres- 
to sure corresponding to a partial vacuum, and a precursor 
gas or gas mixture is introduced through the inlets 8. 
The precursor gas used contains atoms or molecules of 
the material to be deposited in a form that can be liber- 
ated by the plasma in the process chamber 2, and is 
35 often admixed with deposition-enhancing components. 
The deposited material can bo insulating or electrically 
conductive. 

[0014] The RF energy source 6 is activated so as to 
induce a plasma of appropriate characteristics within the 

40 vessel. The plasma in the chamber breaks down the gas 
into its precursor species, which are then deposited in 
a controlled manner on the surface of the workpiece to 
form a layer of material corresponding to the precursor. 
[0015] A problem arises with this type of apparatus 

45 when used for depositing layers of electrically conduc- 
tive material In this case, some of the atoms or mole- 
cules of the precursor gas containing the conductive 
material tend to migrate to the internal surface of the 
chamber walls and, over time, form a conductive film 

50 thereon. The conductive film tends to screen out the 
electromagnetic energy delivered by the RF inductor 
electrode 4. This phenomenon subsequently makes it 
impossible to sustain a plasma inside the process cham- 
ber, the electromagnetic energy being absorbed by the 

55 electrically conductive film instead of the plasma itself. 
The industrial consoquonco is a drift in the process per- 
formance and frequent downtime for cleaning the cham- 
ber walls. 
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[0016] To overcome thts problem, some forms of 
PECVD apparatus have the inductor electrode con- 
tained inside the process chamber itself, so that the in- 
ner surface of the chamber walls is outside the RF en- 
ergy field and hence oulside Lhe space occupied by the 
plasma 

[0017] Such an apparatus is illustrated very schemat- 
ically in figure 2, where elements corresponding to those 
of figure 1 are identified by like references and shall not 
be discussed further in any detail The RF inductor elec- 
trode 4 has a plate-like structure and is installed inside 
the process chamber 2, above the stage 12 The latter 
can be isolated or biased to establish and maintain the 
plasma. 

[0018] An example of such an apparatus is disclosed 
in document EP-A-0 424 620. 

[0019] However, this approach brings problems of its 
own, including : 

the material of the RF electrode, being immersed in 
the plasma and reaction gas environment - at least 
at the level of its exposed surface - becomes a 
source of uncontrollable contamination, notably 
through sputtering by high-energy particles in the 
plasma, and 

the RF electrode additionally generates a very high 
and uncontrolled electric field within the plasma, 
which can create non-uniformities over the deposi- 
tion surface. 

[0020] An object of the present invention is to over- 
come the problem of unwanted film deposition on the 
inner surface of the process chamber without resorting 
to provide the inductor electrode inside the chamber. 
[0021] The process chamber envisaged by the inven- 
tion is bounded by wall portions and adapted to rocoivc 
olectromagnetic energy by inductive coupling from an 
external inductor connected an ac supply, to create, en- 
hance or sustain a plasma therein. 
[0022] According to the invention, there is further pro- 
vided inside the chamber conductive means arranged 
to confront at least a part of the internal surface of the 
wall portions such as to inhibit coating thereon of mate- 
rial evolved from plasma processing. 
[0023] The conductive means thus effectively consti- 
tutes a trap for condensing conductive material particles 
in the plasma before they can reach the inner surface 
of the wall portions. 

[0024] Over time, the film of conductive material that 
would otherwise be formed on the inner wall portions of 
the process chamber accumulates instead on the con- 
ductive means. However, this accumulation is not detri- 
mental since it forms on surfaces which are already 
electrically conductive 

[0025] In preferred embodiments of the invention, the 
conductive means compriso a conductive structure hav- 
ing an outer surface that follows an internal contour of 
at least part of the wall portions of the process chamber. 



[0026] The conductive means can be arranged at a 
predetermined distance from the internal surface This 
distance, which can be determined from Paschen's law 
on the ionisation of gases, is relatively small optimum 

5 results usually being obtained with values of less than 
10 mm For many types of process chamber, the dis- 
tance can be a value less than 1 mm 
[0027] Alternatively, the conductive means can have 
at least a substantial portion thereof in physical contact 

io with the internal surface of the chamber. 

[0028] The outer surface of the conductive structure 
can be configured to follow a substantial proportion of 
the wall portions. In this case, it may comprise one or 
more apertures to allow the passage of electromagnetic 

'5 energy into the chamber. 

[0029] The presence of one or more apertures in the 
case where the conductive means constitutes, to some 
extent at least, a Faraday cage can produce two signif- 
icant effects. 

20 [0030] Firstly, the aperture(s) (e.g. in the form of slits) 
divide the conductive means into a plurality, of sectors, 
each sector being a portion of contour of the conductive 
means. In the presence of the plasma-inducing electro- 
magnetic field, these sectors serve as intermediate in- 

25 ductors in accordance with Lenz's law. Basically, the 
conductive means can be considered as being placed 
in an inductor having a current lind flowing therethrough 
The inductor generates a magnetic field in all the envi- 
roning space, giving rise to flux variations in the conduc- 

30 tive means. The conductive means tends to cancel 
these flux variations by creating its own induced cur- 
rents. 

[0031] This phenomenon takes place between the in- 
ductor and each sector of the conductive means forming 
35 a Faraday cage. Induced currents created within each 
sector themselves croate currents that are induced into 
tho plasma. 

[0032] The presence of one or more apertures can 
prevent such induced currents from forming loops ex- 
40 tending around the entire periphery of the conductive 
means, and which would otherwise tend to short-circuit 
the magnetic field. 

[0033] Secondly, the aperture(s) help to enhance the 
passage of electromagnetic energy into the process 
45 chamber. 

[0034] Because the conductive material particles ac- 
cumulate on the conductive surface of the structure, the 
apertures remain clear even after prolonged use. There 
is thus no drift in the performance characteristics of ttie 

50 process chamber over time. 

[0035] The apertures may be in the form a series of 
slits following an arbitrary pattern. 
[0036] The apertures can be configured to define an 
indirect path for the electromagnetic energy from the in- 

55 ductor to inside the chamber. In other words, the con- 
figuration of aportures is such that it docs not allow a 
direct line of view into the chamber from the outside 
[0037] If the process chamber has a regular geometry 
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and the RF electromagnetic energy is to be present ho- 
mogeneously insido : the apertures are preferably dis- 
tributed uniformly over the conductive moans 
[0038] In a preferred embodiment the conductive 
means comprises a series ol conduclive elements de- 
pendent from a mechanical support means and distrib- 
uted so as to form an anay that confronts the internal 
surface of the chamber. In this case, the aforementioned 
apertures can be advantageously defined by spaces 
separating neighbouring conductive elements. 
[0039] The conductive elements can be profiled so as 
to overlap in a non-contacting manner with neighbouring 
conductive elements in order to define the indirect path 
for the energy field. 

[0040] The conductive elements can also be imbricat- 
ed in a non-contacting manner with their neighbouring 
conductive elements at confronting edges to define the 
indirect path. 

[0041] The conductive elements can conveniently be 
constructed as a series of elongate rectangular panels 
whose major length extends parallel to a principal axis 
of the process chamber. 

[0042] In embodiments of the invention in which the 
conductor means is in physical contact with the internal 
wall of the chamber, the conductor means can be me- 
chanically biased against that internal wait, e.g. by re- 
silient mounts provided at the level of the mechanical 
support. 

[0043] In a classical application, the conductive 
means bounds a space inside the chamber, within which 
a plasma condition is to be created. This space may in- 
clude the space containing the workpiece to be received 
or it may be outside the workpiece. The latter possibility 
can be chosen e.g. for deposition of a material at a post 
plasma discharge position of the chamber. In this case, 
an inlet may be provided for reaction material, e.g. a gas 
or gas mixture, outside the space bound by the conduc- 
tive means. 

[0044] It is also possible according to the present in- 
vention to dispose of a source of plasma material, such 
as an ion source, within the chamber itself. 
[0045] Advantageously, the source of plasma materi- 
al can be constituted by the conductive means itself. 
Thus, in addition to protecting the wall portions of the 
chamber, the conductive means can also serve e.g. as 
a source of metal ions for plasma deposition Tothis end, 
the conductive means is composed - at least in part - of 
the material(s) constituting the desired deposition. The 
conductive means can thus be activated by being con- 
nected to a dc or ac source (including radio frequencies) 
to activate particle sputtering from its constituant mate- 
rials) 

[0046] The ions freed in this way are re-ionised by the 
induced plasma created by ionised gases through the 
induced energy field 

[0047] !t has boon found by the applicant that the 
source of plasma material can thereby be stronger by 
comparison with techniques based on the admission of 
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the material in gaseous form. 

[0048] Moreover, this technique makes it possible to 
create a reactive plasma whilst obviating the need to use 
a dangerous gas. For instance, a conductive means 

5 made - at least in part - of tungsien can replace the use 
ol a tungsten hexafluoride (WF 6 ), which, being a fluoui- 
ised gas, is potentially hazardous 
[0049] The use of the conductive means as an ion 
source is possible in embodiments where the workpiece 

io is immersed in the induced energy field, i.e. where the 
conductive means would thereby preferably bound a 
space containing the workpiece, as well as where the 
workpiece is outside that space, for a post plasma dis- 
charge deposition. 

is [0050] The source of plasma material inside the 
chamber can also comprise a cathode associated with 
an electrical energy source, such as a magnetron. The 
cathode can conveniently be provided at an end portion 
of a space bound by the conductive means, for instance 

20 at one end of the plasma processing chamber. 

[0051] The ion source may also comprise a source of 
metallic vapour and activating means, such as an elec- 
tron (or other particle) beam generator for transmitting 
energy to vaporise that source. 

25 [0052] It has been found that the effectiveness of the 
conductive means can be greatly enhanced if it is 
cooled, e g by a fluid flow 

[0053] To this end, the conductive means can com- 
prise a conduit arrangement for allowing a flow of ther- 
30 mal fluid and connected to a cold source for ensuring 
cooling thereof. 

[0054] Depending on operating conditions (plasma 
characteristics, precursor gases, etc) the efficiency of 
the conductive means can also be improved if means 
35 are provided for electrically biasing them with an ac volt- 
age (including an RF voltage) or a dc voltage (including 
ground). 

[0055] In this case, the conductive means can be di- 
vided into two or more isolated sections, the biasing 
40 means being operative for biasing the sections sepa- 
rately. 

[0056] The conductive means can further comprise a 
window portion to enhance plasma ignition. 
[0057] The window can be associated with shutter 
45 means for adjusting the degree of opening of the win- 
dow 

[0058] If needs be, the process chamber can com- 
prise a workpiece-supporting stage which is connecta- 
ble to a biasing source to bias a workpiece on the stage, 
50 either directly or via a temperature-controlled susceptor, 
with an ac voltage (including an RF voltage) or a dc volt- 
age (including ground). 

[0059] The process chamber can further comprise a 
sputtering target. 
55 [0060] The present invention also concerns a plasma 
procossing apparatus, o.g. for plasma onhancod chem- 
ical vapour deposition or plasma processing by re-ioni- 
sation, comprising : 
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a process chamber based on the conductive moans 
as precedingly defined, 

an electromagnetic energy inductor for delivering 
electromagnetic energy to the process chamber, 
and 

an energy souice for driving the inductor 

[0061] Depending on the embodiments, the appara- 
tus may also comprise biasing means for biasing the 
conductive means with an ac voltage (including an RF 
voltage) or a dc voltage (including ground) 
[0062] These biasing means can comprise means for 
independently biasing the two or more isolated sections 
of the conductive means, if the latter is so configured. 
[0063] Finally, the present invention also concerns the 
use of plasma processing apparatus as defined above 
for : 

depositing a conductive film on a substrate, 
ion etching on a substrate, or 
processing a workpiece by re-ionisation, the ion 
source being either the conductive means itself, a 
cathode or a vaporisable source, or indeed any oth- 
er appropriate source. 

[0064] The invention will be better understood from 
the following description of preferred embodiments, giv- 
en strictly as non-limiting examples, with reference to 
the appended drawings in which : 

figure 1 isahighly simplified sectional viewof aclas- 
sical PECVD apparatus with RF coupling of the 
electromagnetic energy field through the process 
chamber; 

figure 2 is highly simplified sectional view of a prior 
art PECVD apparatus with the electromagnetic on- 
orgy field generated within the process chamber; 
figure 3 is a simplified general view of a PECVD ap- 
paratus according to a first embodiment of the 
present invention; 

figure 4a is a plan view of an aperture pattern 
formed by a conductive structure used in the appa- 
ratus of figure 3 according to a first variant of the 
invention; 

figure 4b is a partial perpective view of the conduc- 
tive structure shown in figure 4a, 
figure 5a is a partial perspective view of an aperture 
pattern formed by a conductive structure used in the 
apparatus of figure 3 according to a second variant 
of the invention; 

figure 5b shows a detail of the conductive structure 
shown in figure 5a; 

figure 6a i3 a partial perspective view of an aperture 
pattern formed by a conductive structure used in the 
apparatus of figure 3 according to a third variant of 
the invention; 

figure 6b shows a detail of the conductive structure 
shown in figure 6a; 
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figure 7 is a perspective view of the conductive 
structure and mount therefor according to a second 
embodiment of the invention: 
figure 8 is plan view of a conductive structure and 
5 mounl therefor according to a first variant of the sec- 

ond embodiment 

figure 9 is a plan view of a conductive structure and 
mount therefor according to a second variant of the 
second embodiment; 
10 - figure 10 is a plan view of a conductive structure 
and mount therefor according to a third variant of 
the second embodiment; 

figure 1 1 a is a general view of the conductive struc- 
ture of figure 3 equipped with a cooling system; 

15 - figure 11b is a partial plan view of the conductive 
structure of figure 11a and its positioning with re- 
spect to the process chamber; 
figure 12 is a general view of a variant of the con- 
ductive structure shown in figure 10; 

20 - figure 1 3 is a simplified view of a plasma processing 
chamber adapted for processing a workpiece at a 
post plasma discharge position, according to a third 
embodiment of the invention; 
figure 1 4 is a simplified view of a plasma processing 

25 chamber implemented for ion flux re-ionisation by 
means of an internal sputtering target; and 
figure 1 5 is a simplified view of a plasma processing 
chamber implemented for ion flux re-ionisation by 
means of an internal electron beam evaporator 

30 

[0065] A PECVD apparatus in accordance with the 
present invention is shown in figure 3. For simplicity and 
conciseness, the parts of this apparatus which are anal- 
ogous to those of figures 1 and 2 are given the same 
35 reference numerals and their functional role shall not be 
repeated. 

[0066] In the example, the process chamber 2 is gen- 
erally cylindrical, with its curved wall portion made of a 
dielectric material such as quartz. Because the dielectric 

-*o material is transparent to the radio frequencies used, the 
electromagnetic energy generated by the RF energy 
source 6 is transmitted directly from the inductor elec- 
trode 4 through to the interior of the process chamber 
2. In some other types of process chamber envisagea- 

45 ble with the invention, the walls may be made largely of 
conductive material, in which case a dielectric window 
needs to be formed on one or several parts of the walls 
to allow adequate RF transmission from the inductor 
electrode 4 to the interior of the process chamber. 

50 [0067] The top wall 2a and bottom wall 2b of the proc- 
ess chamber are made of stainless steel, and respec- 
tively include a reaction gas inlet 8 and an exhaust outlet 
10. 

[0068] The process chamber 2 also comprises means 
55 for maintaining a workpiece 14 inside the plasma envi- 
ronment. In the example, the workpioco 14 (e.g. a sub- 
strate) is held in suspension at a central position of the 
process chamber, e.g. by cables (not shown). Alterna- 
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tivoly the process chamber can be provided with a 
stage, as shown in the examples of figures 1 and 2 or 
any other known supporting structure 
[0069] If the process chamber 2 has a stage the latter 
can be connected to a biasing source (not shown) to 
bias the workpiece (e.g. a substrate), either directly or 
via a temperatuie-controlled susceptor For biasing, an 
ac voltage (including an RF voltage) or a dc voltage (in- 
cluding ground) may be used. 

[0070] According to the invention, the process cham- 
ber 2 contains an electrically conductive structure 16 
Its purpose is to inhibit the deposition of conductive va- 
pour deposition material on the inner surface of the walls 
of the process chamber 2. 

[0071] A biasing source 7 is connected to the conduc- 
tive structure to bring the latter to a dc or ac potential 
(including radio frequencies) or to provide a ground con- 
nection, according to implementation of the apparatus 
and the mode of operation. 

[0072] The conductive structure 1 6 is generally cylin- 
drical^ shaped and positioned close to and concentri- 
cally with the cylindrical chamber wall. It is made from 
sheet metal, such as copper, having sufficient thickness 
to ensure minimal distortion under its own weight and 
over the temperatures existing inside the process cham- 
ber 2 

[0073] The radial separation d between the inner sur- 
face of the chamber wall and the outer surface of the 
conductive structure 16 is chosen such that no plasma 
is created between these two surfaces. The appropriate 
value of this separation d can be determined analytically 
using Paschen's law of ionisation in gases, or empirical- 
ly. This value is a function of the chamber geometry, de- 
sign of the conductive structure, frequency and intensity 
of the RF energy, as well as gas composition and pres- 
sure. 

[0074] In the example based on a cylindrical, quartz 
process chamber operating at a pressure on the order 
of 100 milli Torr (converted as 13.3 Pa), it has been 
found that excellent results can be obtained for a large 
variety of gases with the separation d kept to 1mm or 
less. 

[0075] The conductive structure 1 6 can be held in po- 
sition within the process chamber 2 by any suitable 
means. In order to ensure that the separation d is main- 
tained accurately with respect to the cylindrical chamber 
2, the inner wall of the latter can be provided with a se- 
ries of ribs (not shown) projecting inwardly by an amount 
corresponding to the separation d. The outer surface of 
the conductive structure 16 is then held in abutment 
against the ribs, either by elasticity of its constituent ma- 
terial, or by mechanical mounts, adhesives or the like. 
The fixing of the conductive structure 16 inside the proc- 
ess chamber 2 may not necessarily be permanent. It is 
possible to make the conductive structure detachable 
from tho procoss chamber to allow easy access both to 
the chamber ilsell, e.g. for insertion/removal of work- 
pieces and to the conductive structure, e.g. lor clean ing. 
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[0076] In order to allow adequate transmission of the 
RF energy into the process chamber 2, tho conductive 
structure 16 is provided with a series of apertures 
formed uniformly over its surface. In the example of fig- 
5 ure 3, theapertures are in the lorm of slits 18 lhal exlend 
parallel to the ptincipai axis of the conductive structure 
16 The slits can of course be arranged to extend along 
other directions, eg obliquely with respect to the main 
axis of the process chamber They can be continuous 
w or divided into length segments over their path. The lat- 
ter possibility can be chosen if required to make the con- 
ductive structure more rigid. In the example, the area 
occupied by the apertures corresponds to around e.g. 
5 to 35 % of the total surface of the conductive structure 
However, these values are only indicative; the area oc- 
cupied by tho apertures and their configuration can be 
adapted to design criteria for suitably diminishing losses 
and induced currents as explained above. 
[0077] The slit-like apertures 1 8 in figure 3 are formed 
20 by cut-outs, corresponding to the slits, formed along 
length portions of a closed cylinder. The shielding 
means thereby has an integral structure. 
[0078] Alternatively, the shielding means can have a 
composite structure as shown in figures 4a and 4b. In 
25 the illustrated example, it is composed of upper and low- 
er support rings 50 (only the upper ring is shown in the 
figures) to which are fastened the respective ends of a 
series of elongate metal panels 52. The series of metal 
panels 52 extends around the circumference of the sup- 
30 port rings 50, each panel having straight longitudinal 
edges 54 and being separated from its neighbour by a 
smalt gap 56. The height (axial length) of the support 
rings is preferably made as small as possible in order to 
maximise the effective length of slits and thereby also 
35 to maximise the axial length portion of the conductive 
means that is effective for inductive coupling. Tho width 
and the pitch of the gaps 56 is such as to provide a series 
of openings corresponding in form and function to the 
slits 18. 

40 [0079] Two variants of the above composite structure 
are shown in figures 5a, 5b and 6a, 6b, respectively. In 
these two variants, the metal panels 52 have profiled 
edge portions such as to allow an imbrication between 
neighbouring panels. This arrangement ensures that 

45 the panels 52 occupy the entire perimeter of the shield- 
ing means 16, leaving no straight passages for lines di- 
rected along a radial direction with respect to the prin- 
cipal axis. The imbricated portions of neighbouring pan- 
els are not contiguous, being separated by a predeter- 

50 mined gap which forms a labyrinthine passage for the 
field from the inductor 4 to the process chamber 2. In 
this way, the imbrication of the panels eliminates direct 
lines of view between the plasma and the dielectric 
chamber. 

55 [0080] In figures 5a and 5b, each of the two longitudi- 
nal edgos of the panels 52 defines a stop 58 and 60 so 
as to present a face 58a and 60a turned respectively 
outwardly and inwardly relative to the principal axis of 
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the conductive structure The panels 52 are relatively 
positioned at their edges so that an inwardly turned face 
60a confronts an outwardly turned (ace 58a, thereby 
forming an imbrication of the panels 52 around a com- 
plete closed path The overlapping step portions 58, 60 
of neighbouring panels 52 are sepaiated from each oth- 
er by a predetermined space 62 to create the aforemen- 
tioned gap. The passage for the field thereby defined by 
the space 62 follows round the confronting step portions 
58, 60. 

[0081] In figures 6a and 6b, the two edges of the pan- 
els respectively define an elongate tongue 64 and an 
elongate groove 66 adapted to receive a corresponding 
tongue. Both the tongue 64 and the groove 66 extend 
along the respective edges of the panel 52 The panels 
52 are assembled to form a complete closed path, with 
the tongue 64 at the edge of one panel 52 received in 
the groove 66 of the neighbouring panel. The grooves 
66 have a width w exceeding the thickness t of the 
tongues 64, and the tips 64a of the tongues are re- 
cessed from the bottom 66a of the groove to create an 
intermediate space 62 that defines the aforementioned 
gap. The passage for the field defined by the gap thus 
follows round the internal surfaces of each groove 66. 
[0082] The examples illustrated in figures 3 to 6 show 
the conductive structure separated from the internal wall 
of the plasma processing chamber 2 by a small distance 
d. An alternative arrangement shall now be described 
with reference to figure 7, in which the conductive struc- 
ture is instead in physical contact - at least at major por- 
tions thereof - with the internal wall of the chamber 2. 
[0083] The conductive structure is constructed in a 
manner similar to that described with reference to fig- 
ures 4a and 4b as far as the general configuration of the 
conductive panels 52 and their disposition are con- 
cerned. However tho panels 52 aro in this case mount - 
od on upper and lower support rings 50 through rcsiliont 
mounts adapted to press the panel 52 radially outwardly 
against the inner wall of the chamber 2. Each mount 68 
comprises a stem portion 70 attached to the support ring 
50 and projecting radially outwardly from the latter. A 
compression coil spring 72 is engaged axially with the 
stem 70 such that its respective ends press against the 
support ring 50 and the inner face of the conductive pan- 
el 52, Similar resilient mounts 68 are provided at the low- 
er ring and, if necessary also at one or several interme- 
diate support ring(s) 

[0084] The resilient mounts 68 are adapted to provide 
sufficient pressure to ensure a good contact of the pan- 
els 52 with the internal surface of the chamber 2 over 
the thermodynamic cycles experienced in use. The dif- 
ferential expansion coefficients between the chamber 
wall and the conductive panel structure are absorbed by 
the resiliency of the mounts, resulting in no significant 
distortion of the conductive structure or excessive stress 
on tho chambor wall. 

[0085] Figures 8 and 9 show the arrangement of the 
resilient mounts described with reference to figure 7, 
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adapted to support the conductive panels with profiled 
edges shown in figures 5a and 6a respectively, imbri- 
cated to prevent a direct view to the chamber from the 
outside Here, as in figures 5 and 6 the profile features 
5 and the yaps created therebetween are formed in the 
thickness of the panels 

[0086] Figure 10 shows a variant in which the edge 
profiles of the panels are formed instead by folding the 
panel-forming material. In the example, only one panel 

io 52b in two is profiled, the profiled panels being arranged 
in alternation with straight panels 52a so as to form a 
closed path. The profiled panels 52b have at each of 
their edges two longitudinal right-angle folds 72a and 
72b so as to form a wing 74 in a plane parallel to that of 

is the main, central portion of the panel and radially in- 
wardly displaced with respect to the lattor. Each wing 74 
thereby overlies an edge portion of a neighbouring, non- 
profiled panel. The width and amount of inward radial 
displacement of the wings 74 determine the size and 

20 shape of the gap 62 between neighbouring panels 52a, 
52b that forms the labyrinthine path for the field. 
[0087] It will be apparent that there are many possible 
ways of folding the edges of the conductive panels to 
form imbrications to avoid a direct view across the con- 

25 ductive structure whilst allowing the passage of energy 
field 

[0088] The conductive structure 16 is shown to be 
electrically grounded in the PECVD apparatus of figure 
3. 

30 [0089] However, it is also envisageable to provide 
means for biasing the conductive structure 16 with an 
ac voltage (including an RF voltage) or a dc voltage. In 
this case, the conductive structure can be divided into 
two or more isolated sections, each receiving an inde- 

35 pendent bias voltage from a respective biasing source. 
In the embodiments based on a composite structure, the 
panels 52 can conveniently bo biased individually or in 
small groups. In this case, the resilient mounts 68 or di- 
rect connections to the upper and lower support rings 

40 50 can be electrically insulated and provided with ap- 
propriate contact means for connection to a biasing 
source. 

[0090] Figure 11 shows the conductive structure 16 
implemented in the apparatus of figure 3, additionally 

45 provided with a cooling arrangement. The cooling ar- 
rangement comprises fluid conduits 24 incorporated in- 
to the conductive structure 16 and communicating 
through an inlet 26 and an outlet 28 with a fluid cooler 
30 and a pump 32 in a closed system. The cooling fluid 

so used can be water, possibly with some additives, oil or 
any other liquid. Cooling may also be effected by forced 
air passing through the conduits 24. 
[0091] The incorporation of the fluid conduits 24 into 
the conductive structure 16 is shown in more detail in 

55 figure 11a. The fluid conduits 24 are formed by narrow, 
profiled metal strips 34 that run along a substantial por- 
tion of the axial length of the conductive structure 16. In 
the example, there is provided a conduit 34 between 
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each pair of slits 18 The strips have a lab portion 34a 
at each longitudinal edge and an arcuate portion 34b 
between the tab portions The tab portions 34a are seal- 
ingty attached, e.g. by welding, to the inner surface of 
the conduclive structure at a region between Ihe slits 1 8 
and parallel to the latter The arcuate portion 34b of the 
strip creates a channel 36 with the confronting inner sur- 
face of the conductive structure 16, allowing passage of 
the cooling fluid. 

[0092] The metal strips 34 are interconnected at end 
porlions of the conductive structure so that their respec- 
tive channels form a continuous serpentine conduit con- 
figuration between the fluid inlet 26 and outlet 28. 
[0093] It can be noted that with this construction, the 
cooling system forms an integral part of the conductive 
structure, being in direct physical contact with the cool- 
ing fluid. The heat generated at the structure is thereby 
evacuated very efficiently. Moreover, the strips 34 cre- 
ate negligible shadowing of the apertures (in this case 
formed by the slits 18). 

[0094] The above-described conduits can of course 
be Implemented with a conductive structure shown in 
figures 4a to 10, or indeed any other type of aperture 
configuratbn. 

[0095] Alternatively, the conduits can be implemented 
by an arrangement of pipes and radiator fins attached 
to the conductive structure in accordance with standard 
practices for heat sinks. 

[0096] It has been found by the applicant that by main- 
taining the conductive structure cool, the deposition rate 
of conductive material onto its inner surface is reduced 
dramatically. 

[0097] Figure 12 shows a variant of the conductive 
structure described with reference to figure 11 that fea- 
tures an adjustable window to help establish plasma 
electrostatic ignition. 

[0098] The window 38 comprises a cut-out portion of 
the conductive structure 16 located e.g. mid-way be- 
tween the ends of the latter and occupying e.g. 10 to 
25% of its circumference. The window area is selectively 
adjustable between open and closed states by means 
of a pair slidable conductive shutters 40 The shutters 
40 follow the contour of the conductive structure 16 and 
are mounted on the inner face of the latter so as leave 
the free the small separation d between the outer face 
of the conductive structure and the inner face of the re- 
action chamber wall. Each shutter 40 is slidable, either 
manually or by a remote control mechanism {not shown) 
in a circumferential direction to close a selected portion 
of the window cut-out 38. 

[0099] The apertures in conductive structure 16, 
whether they be slits 1 8 or elementary cut-outs 20 or 22 
stop short of the boundaries of the window area 38 to 
allow the passage and interconnection of the cooling 
conduits 24 around that area. 

[0100] Although only one window cut-out 38 is shown 
in the figure, it can be envisaged to provide several win- 
dows for the same purpose The windows may be dis- 



tributed around the circumference of the conductive 
structure and/or superposed along the principal axis of 
the latter 

[0101] It should be noted that the conductive structure 
5 in all of the embodiments described can be further pro- 
vided with additional apertures for allowing access to the 
process chamber 

[0102] Figure 13 shows another embodiment of a 
plasma processing chamber 2 in accordance with 

10 present invention which differs from the one of figure 3 
essentially in that the conductive structure 1 6 and induc- 
tor winding 4 are present only at a top portion of the 
chamber 2, above a stage 1 2 for supporting a workpiece 
16. The stage 12 is connectable to a dc or ac source 90 

15 to bias the workpiece thereon. This arrangement allows 
material deposition or other forms of processing to be 
effected on the workpiece under post plasma discharge 
conditions. 

[0103] The conductive structure is connected to a bi- 
20 asing source 7 as in the embodiment of figure 3. 

[0104] In the example, the reaction chamber compris- 
es a quartz cylinder 2 terminated at each end respec- 
tively by upper and lower flange faces, 92 and 94. The 
conductive structure 16 - which can adopt any of the 
25 forms described with reference to figures 3 to 12 - is 
suspended from the top flange face 92 
[0105] The process gas or gas mixture is introduced 
from an inlet 8 formed in the quartz cylinder 2 between 
the bottom of the conductive structure 16 and the stage 
30 1 2. It is also envisageable to provide inspection from the 
upper part of the reaction chamber, vacuum pumping of 
the chamber is effected through an outlet 1 0 at the lower 
flange face 

[0106] In the embodiments of plasma processing 
35 chamber described above, the reactive material is intro- 
duced in gaseous form from outside the chamber 
through an in lot. 

[0107] However, the conductive means 16 can serve 
as a source of reactive material in addition to the func- 

40 Won of preventing unwanted deposition on the internal 
walls of the chamber. In this case, the material of the 
conductive means is chosen to contain - either wholly 
or in part - the constituent to serve as a material to be 
deposited on the workpiece. All conductive structures 

45 described above can be made to provide this additional 
function 

[0108] The means for implementing the processing 
chamber according this aspect of the present invention 
are basically identical to those described above and will 
50 therefore not be repeated for conciseness. The conduc- 
tive structure biasing source 7 is in this case adapted to 
provided a suitable bias to cause sputtenng from the 
conductive structure. The bias can be a dc or an ac sig- 
nal. 

55 [0109] Depending on applications, the substrate hold- 
er 12 - and henco tho workpioco 14 - can bo biased to 
ensure optimal conditions. 

[0110] Many materials can be chosen for constituting 
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- or for incorporation into - the conductive structure. For 
example, the material can be tungsten for depositing 
tungsten material on the workpiece 14. In this manner, 
tho use of the conductive structure 16 as an ion source 
obviates the classical requirement of introducing tung- 
sten hexafluoiide into the chamber 2 
[0111] Figure 14 shows another embodiment of a 
plasma processing chamber in accordance with the 
present invention, designed to function as a reactor for 
the re-ionisation of metal ions e g for ion sputtering ap- 
plications. Its construction is similar to that of figure 13 
at the level of the quartz cylinder 2, lower flange face 
94, stage 12, workpiece biasing 90 and the gas outlet 
10 In the example, the lower flange face 94 is connect- 
ed to the ground. The conductive structure 16 and in- 
ductor winding 4 extend substantially throughout entire 
height of the cylinder 2. 

[0112] The top of the quartz cylinder is closed by a 
conductive target plate 100 that constitutes an ion 
source. The conductive target plate 100 is mounted and 
sealed to the cylinder 2 via a peripheral connecting 
flange 102. A radio frequency (RF) generator such as a 
magnetron 104 is mounted on the top ol the conductive 
plate 100 and has its cathode electrically connected to 
the latter to form a sputtering target that produces a flux 
of metal ions 

[0113] The apparatus thereby uses the conductive 
structure 16 and the inductor winding 4 as a means for 
re-ionising a flux of metal ions produced by an independ- 
ent source, in this case the magnetron 104. 
[0114] Figure 15 shows another embodiment of a 
plasma processing chamber in accordance with the 
present invention also designed to function as reactor 
for the re-ionisation of metal ions e.g. for ion sputtering 
applications, but using as an ion source the evaporation 
ol a solid by an electron beam to form an ion flux. 
[0115] The plasma processing chamber 2 is similar to 
the one described with reference to figure 1 4 except that 
it is provided with a top flange face 92 as in the embod- 
iment of figure 13, and that the bottom of the chamber 
is attached to an electron beam evaporator. The work- 
piece 16 is held suspended from a stage 12 depending 
from the top flange face 92. 

[0116] The bottom portion of the chamber 2 compris- 
es a casing 110 whose internal space communicates 
with the chamber 2 and encloses an electron beam 
source 1 1 2 and a metal or oxide target 1 1 4 
[0117] The electron beam source 114 is arranged to 
direct an electron beam 116 to the target 1 1 4 to vaporise 
the latter at a predetermined rate. The vapour is then 
brought into the chamber 2, either by natural convection 
or by an accelerating electrode (not shown), and thereby 
made to react with induced field to form a plasma 
[0118] The present invention can be implemented in 
many other forms than those just described 
[0119] For instanco, tho process chamber need not 
be cylindrical, but can have any appropriate shape ac- 
cording to applications and design practice. The shape 



of the conductive structure will then be adapted corre- 
spondingly 

[0120] While the problem of unwanted coaling of a 
conductive film on the inner face of the process chamber 

5 occurs essentially when the chamber is used wilh reac- 
tion gases containing conductive materials for deposit- 
ing on a workpiece, the present invention can of course 
also be used in plasma processing apparatus for all 
types of surface processing, such as for deposition of 

'0 insulating and semiconducting materials or for etching. 



Claims 

15 1 . A process chamber (2) for a plasma processing ap- 
paratus, said chamber being bounded by wall por- 
tions and adapted to receive electromagnetic ener- 
gy by inductive coupling from an external inductor 
(4) connected an ac supply (6), to create, enhance 

20 or sustain a plasma therein, 

characterised by conductive means (16) ar- 
ranged within said chamber (2) to confront at least 
a part of the internal surface of the wall portions 
such as to inhibit coating thereon of material 

25 evolved from plasma processing. 

2. The process chamber (2) according to claim 1 
wherein said conductive means (16) comprises a 
conductive structure having an outer surface that 

30 follows an internal contour of at least part of said 
wall portions. 

3. The process chamber (2) according to claim 1 or 2, 
wherein said predetermined distance (d) from the 

3S internal surface is less than 10 mm. 

4. The process chamber (2) according to any one of 
claims 1 to 3, wherein said predetermined distance 
(d) from the internal surface of the process chamber 

40 is less than 1 mm. 

5. The process chamber (2) according to claim 1 or 2, 
wherein at least a substantia! portion of the conduc- 
tive structure is in physical contact with said internal 

45 surface. 

6. The process chamber (2) according to any one of 
claims 2 to 5, wherein said conductive means (16) 
comprises at least one aperture (18; 56; 62) for al- 

50 lowing the passage of electromagnetic energy into 
said process chamber 

7. The process chamber (2) according to claim 6, 
wherein said apertures(s) (18; 56; 62) are arranged 

55 so as to break down circulating currents induced in 
said conductive means (16) into plural current 
loops. 
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8. The process chamber (2) according to claim 6 or 7, 
wherein said apertures form a series of slits (18) 

9. The process chamber (2) according to any one of 
claims 6 to 8, wherein said apertures (62) deline an 
indirect path for the electromagnetic energy from 
the inductor to inside the chamber 

10. The process chamber (2) according to any one of 
claims 6 to 9, wherein said apertures (18; 56; 62) 
are distributed uniformly over said conductive 
means (16). 

11. The process chamber (2) according to any one of 
claims 1 to 1 0, wherein said conductive means (16) 
comprises a series of conductive elements (52) de- 
pendent from a mechanical support means (50) and 
distributed so as to form an array that confronts said 
internal surface. 

12. The process chamber (2) according to claim 11, 
wherein said apertures are defined by spaces (56; 
62) separating neighbouring conductive elements 
(52). 

13. The process chamber (2) according lo claim 11 or 
12, wherein said conductive elements (52a) are 
profiled so as to overlap in a non-contacting manner 
with neighbouring conductive elements in order to 
define said indirect path (figure 10). 

14. The process chamber (2) according to claim 11 or 
12, wherein said conductive elements (52) are im- 
bricated in a non-contacting manner with their 
neighbouring conductive elements at confronting 
edges to define said indirect path (figures 8, 9). 

15. The process chamber (2) according to any one of 
claims 11 to 14. wherein said conductive elements 
are in the form of elongate rectangular panels (52) 
whose major length extends parallel to a principal 
axis of the process chamber (2), 

16. The process chamber (2) according to any one of 
claims 11 to 15, wherein said conductive means 
comprises at least one conductive element (52) me- 
chanically biased against said internal surface 

17. The process chamber (2) according to claims 16 
wherein said conductive element (52) is mechani- 
cally biased by resilient mount means (68) provided 
at the level of said mechanical support means (50). 

18. The process chamber (2) according to any one of 
claims 1 to 17, wherein said conductive structure 
(16) bounds a spaco insido said chambor within 
which a plasma condition is to be created. 



19. The process chamber (2) according to claim 18. 
wherein said spaco includes a space within which 
a workpiece (16) is to be received 

5 20. The process chamber (2) according lo claim 18, 
wherein said space is outside a space within which 
a workpiece (16) is to be received 

21. The process chamber (2) according to claim 20 
10 comprising an inlet (8) for reaction material e g a 

gas or gas mixture outside said space bound by 
said conductive means (16). 

22. The process chamber (2) according to any one of 
15 claims 1 to 21, containing an ion source (16; 100, 

104; 110) therewithin. 

23. The process chamber (2) according to claim 22, 
wherein said conductive means (16) constitutes 

20 said ion source. 

24. The process chamber (2) according to claim 23, 
wherein said conductive means (16) is connectable 
to an electrical energy source (7) to form an ion 

25 sputtering source. 

25. The process chamber (2) according to claim 22 or 
23, wherein said conductive means (16) is made at 
least in part of a material comprising the material to 

30 be coated. 

26. The process chamber (2) according to claim 22, 
wherein said ion source comprises a cathode (100) 
associated with an electrical energy source e.g. a 

35 magnetron (104). 

27. The process chamber (2) according to claim 26, 
wherein said cathode (100) is provided at an end of 
portion of a space bound by said conductive means 

40 (16). 

28. The process chamber (2) according to claim 22 
wherein said ion source comprises a source (114) 
of metallic vapour and activating means (112) for 

**5 transmitting energy to vaporise said source. 

29. The process chamber (2) according to claim 28, 
wherein said activating means comprises a particle 
beam generator, e.g. an electron beam generator 

50 (112). 

30. The process chamber (2) according to any one of 
claims I lo 29, wherein said conductive means (16) 
are cooled by a fluid flow. 

55 

31. The process chamber (2) according to any one of 
claims 1 to 30, further comprising biasing means for 
electrically biasing said conductive means ( 1 6) with 



10 



19 



EP 0 908 922 A1 



20 



an ac voltage (including an RF voltage) or a dc volt- 
age (including ground) 

32. The process chamber (2) according to claim 31 
wherein said conductive means (16) are divided in- 5 
to two or more isolated sections, said biasing 
means being operative for biasing said sections 
separately. 

33. The process chamber (2) according to any one of 10 
claims 1 to 32 wherein said conductive means (16) 
further comprise at least one window portion (30) to 
enhance plasma ignition. 

34. The process chamber (2) according to claim 33, fur- is 
ther comprising shutter moans (40) for adjusting the 
degree of opening of said window (38). 

35. The process chamber (2) according to any one of 
claims 1 to 34, further comprising a workpiece-sup- 20 
porting stage which is connectable to a biasing 
source to bias a workpiece on said stage, either di- 
rectly or via a temperature-controlled susceptor, 
with an ac voltage (including an RF voltage) or a dc 
voltage (including ground). 25 

36. The process chamber (2) according to any one of 
claims 1 to 35, further comprising a sputtering tar- 
get. 

30 

37. A plasma processing apparatus comprising : 

a process chamber according to any one of the 
preceding claims, 

an electromagnetic energy inductor (4) external 35 
of said process chamber for delivering electro- 
magnetic energy thereto, and 
an energy source (6) for driving said inductor 

38. The plasma processing apparatus according to 40 
claim 37, further comprising biasing means for bi- 
asing the conductive means (16) of the process 
chamber (2) with an ac voltage (including an RF 
voltage) or a dc voltage (including ground). 

45 

39. The plasma processing apparatus according to 
claim 38, wherein said biasing means comprise 
means for independently biasing two or more iso- 
lated sections of the conductive means (16) of the 
process chamber (2). so 

40. Use of a plasma processing apparatus according to 
any one of claims 37 to 39 for depositing a conduc- 
tive film on a workpiece. 

55 

41 . Use of a plasma processing apparatus according to 
any one of claims 37 to 39 for ion etching on a work- 
piece. 



42. Use of a plasma processing apparatus according to 
any one of claims 37 to 39 equipped with a cham- 
ber as sot forth in claims 22 to 30 for processing a 
workpiece by re-ionisation. 
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